A method is described for the purification of Bacillus thuringiensis protein crystals by Ludox gradient centrifugation. This method is simple, inexpensive, fast, and efficient compared with other techniques. It has been successfully used to purify and characterize the protein crystals from several B. thuringiensis strains.
except sj, the cells were grown in 400 ml of CHES (0.5% Casamino Acids, [Difco Laboratories, Detroit, Mich.], 0.4% yeast extract, 0.2% glucose, 0.5% NaCl, 0.01% MgSO4, 0.05% CaCl2) in a 2-liter flask on a reciprocal shaker (200 rpm) at 28°C overnight. To induce sporulation, the cells were harvested by centrifugation, thoroughly suspended in 400 ml of water, and incubated for another 4 days. For sj, the cells were grown overnight on PYWE (5% peptone, 0.1% yeast extract, 0.5% NaCl [pH 7.5]) and then transferred to NYSM (0.8% nutrient broth, 0.5% yeast extract, 0.5% salt [0.14 M CaCI2, 0.12 M MgCl2, 0.01 M MnCl2]) for 4 days (7). These procedures resulted in virtually complete cell lysis (8) .
The lysed cultures were centrifuged at 3,000 rpm (1,600 x g) for 10 min. Each pellet was suspended in 200 ml of 1 M NaCl and vigorously shaken to produce foam, which was enriched in spores. After the foam was removed with a spatula, the remaining suspension was centrifuged at 3,000 rpm for 10 min, and the pellet was suspended in 50 ml of H20. The Excellent separation of HD-73 or sj crystals was obtained in the 30-ml tubes under the conditions described, with the spores at the bottom of the tube, the crystals at the interface between the Ludox layers, and the debris mostly at the interface between the crude suspension layer and the upper layer of Ludox. For HD-1 and IC1, the positions of crystals and spores were reversed. The sharp band of crystals could easily be collected with a pipette. To estimate purity, we stained the crystals red with safranin and the spores green with malachite green (2) . A single Ludox gradient centrifugation sometimes produced apparently pure crystals by this criterion (about 5 to 10 mg, containing less than 0.1% spores, from 100 ml of culture) (Fig. 1) .
Both light microscopy ( Fig. 1 ) and scanning-transmission electron microscopy ( Fig. 2) indicated that the preparations of the bipyramidal crystals from HD-73 and IC1 and the flat, rhomboid crystals from sj were free of contaminating particles and were morphologically pure. In addition to the bipyramidal P1 crystals, the HD-1 cultures produced small amounts of cuboidal P2 crystals (Fig. la) . All of these crystal types were stable in Ludox.
The crystal preparations were also biochemically pure, judging from sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 3) and their immunochemical properties. The predominance of the 130-kilodalton (kDa) polypeptide in the HD-73 and IC1 crystals and the 130-kDa (P1) and 60-kDa (P2) polypeptides in HD-1 crystals indicates that negligible proteolysis occurred during purification. The crystals from sj had a major polypeptide of 64 noblots showed that the protein in each crystal preparation specifically immunoreacted with the corresponding antibodies.
The purified crystals retained their activities as substrates for insect gut proteases and as toxins to insects. The crystal proteins from HD-73 and sj were processed to polypeptides of the sizes expected for the active toxins, when purified crystals were mixed with gut juice from tobacco hornworms (Lepidoptera) or gut extracts from Tenebrio molitor mealworms (Coleoptera), respectively. Crystals purified from HD-1 and HD-73 were highly toxic to tobacco hornworm larvae (50% lethal dose, 0.01 ,ug per third-instar larva), and crystals purified from sj were toxic to mealworm larvae (50% lethal dose, 4 ,ug per second-instar larva). At 4 ,ug per larva, HD-1 cyrstals were not toxic to mealworms and sj crystals were not toxic to hornworms.
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